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ABSTRACT

The self;shifts of the lines in the fundamental of HF from P(7) to
R(8) and the line shifts in the first overtone band of DF when perturbed
by HF were measured from P(7) to R(6). Pressure-induced shifts in the HF
fundamental were studied at room temperature and at pressures of HF varying
from 37.5 cm of Hg to 113.5 cm of Hg. The shifts agréed with those observed
by Herget, but the estimated error 0.5 x 10-4 cm'llcm Hg for the present
;tudy was about one~third of that of Herget. The partial pressures of DF
ranged from 5.48 cm of Hg to 22 cm of Hg, and total pressure of mixed
gases ranged from 36.12 cm of Hg to 121.8 cm of Hg. Temperatures of re-
ference and sample cells were 110°cC, 120°C, 150°C, and 13406. The shifts
oscillate with a pefiod.of one-in J and with increasing amplitude in the
wings from R(1) to R(6) and P(3) to P(7). The direction of the shifts is
tha same as that found for the DCl-HCl system and is opposite to that pre-
dicted by the simple near-resonant dipole theory. The magnitude of the
shifts in the present study are considerably larger tﬂan those found from
the DC1-HC1 study,

Index Headings: Absorption; Atmospheric optics; Infrared; Spectra.



One of the most interesting studies of line shifting reported in the
recent literature is that of Jaffe, g&_gng who reported on the pressure-
induced shifts of DCl due to HCl and also on the shifts of HCl due to DCl.
They observed in the first overtone band of DCl broadened by HCl not only
the expected J-dependence of the line shifts, but also a striking oscil-’
lation from line to line of the magnitude of the shift. They suggest this
phenomenon is due to near-resonant dipolar interaction between DCl and HCL.
In HC1-DC1l they found no oscillations in.the shifts. Another example of
oscillating line shifts has been discofered in. HF broadened by HCl.3

The authors decided to study DF-HF, to see if the large oscillations
would occur that were found in DCl-HCl and, if so, if the simple theory

of near-resonant dipolar interaction would correctly predict the directions

of the oscillations. The results of our study would indicate that the shifts

do occur, are large, compared to the DCl-HCl case, are linear with pressure

of broadener gas, and are opposite to the direction predicted by theory.

EXPERIMENTAL METHOD

The spectrometer, the cells, and the method of handling of the gases
used in this study are basically as reborted for earlier studies.4 How-
ever, several modifications of the instrument have since been made., A
600-Hz chopper incorporating a tuned reference signal is used in conjun-
ction with a phase—sensitivé Princéton Applied Research Amplifier, modei
HR-8, and a Texas Instruments model FWS recorder., A Nernst-type filament
is used as the source and the detector is an uncooled lead sulphide photo
conductor made to order by the Santa Barbara Research Corporation. The

resolution of the spectrometer may be estimated from the measured instru-

mental slit half width of 0,14 cm . The signal to noise ratio varied from

fifty to one to five to one.



A two-cell method of measuring line shifts was employed to reduce
error due to instrumental drift, An elevator inside the vacuum housing
brought the reference cell and then the sample cell into the beam. By this
means the time between runs was considerably reduced from that of the single
cell method. The reduction in error in the measurement as compared to the
one-cell method is illustrated in Fig. 1 which compares the line shifts
measured by Herget, 35'3115 in self-broadened HF (a one-cell method) with
those measured by the authors for the same gas. The shifts measured by the
authors are reported in Table I. The reference cell (17.8 cm) cont;ined a
trace of HF. The pressures and lengths in the sample cell were 37.5 cm Hg
A(17.8 cm), 76 cm Hg (1.62 cm), and 113.5 cm Hg (0.047 cm). Both cells were
held at room temperature, 24°C + 29C. The mean deviation calculated for
this study, 0.5 x 10'4cm‘1/cm Hg, is about one third of that reported by
Herget. The agreement of the results of the two studies is quite good,
however,

Gas, whether DF or HF, was admitted to the cell open to the manifold at
room temperature, The cell-manifold pressure was then read on a Bourdon
gauge. Subsequently, the cell was closed, heated to temperature, and a run
was made. The pressure of the gas at the higher temperatures was calculated
by the ideal gas approximation. It was feared that because of possible polymer
formation and non-ideality of the gases that this approximation would not be
good enough. A check on these measurements was made by method devised to

. 6
read the cell pressure directly. A pressure transducer was mounted



in the cell bo&y and calibrated in the desired pressure range. The pressure
transducer used was a type M6S, Model No. SA-SA manufactured by the Cornyel
Corporation. It is temperature-compensated from 23°C to 150°C for the range
of pressure from 0 - 6 atm, It was read when the cell was at the proper
temperature and its reading checked against the ideal gas approximation,

The readings differed at most by 5 cm Hg at the highest pressure readings.
This difference led to a possible error in the line shift measurement of

about fifteen percent of the average shift observed.

RESULTS

Five sets of data were recorded for the line shifts in the first over-
tone of DF broadened by HF. The temperatureé, cells and path lengths are
given in Table II. The line shift per unit pressure is presented in Table
I11 for each line measured. The measured 1ine.shifts are plotted in Fig-
‘ures 2 and 3 as a function of the difference in pressure of the sample and
reference, It appears that with the exceptionvof a few points there is good
evidence for the linearity of the shifts with pressure, It is also signifi-
cant that the straight lines which have been drawn as the lines of best fit
pass reasonably well through the origin. This result would indicate that
‘no large systematic error in pressure measurements exists.

The measured shifts as a function of J-number are displayed in Fig. 4.
The points plotted are the averages of the five sets of data takem. The
results of Jaffe, et al. for the DCl-HCl system are also reproduced for
comparison, The average deviations are indicated by the error bars., It
can be seen from the graph that large amplitude oscillations occur in the

R-branch and from P(3) outward in the P-branch. These oscillations are in



phase with those in the DC1-HCl system but are considerably larger in amp-
litude. 1In the wings, e.g., for the R(6) line the value of the shift is
comparable to the value found for HF shifted by Xenon.7 This value of

5.6 x 10-4'cm-1/cm Hg is indicated at R(6) on the graph.

ERRORS

The error bars in Fig. 4 represent the»averaging of the scattered points.
It is illuminating to consider the sources of error in the experiment to see
hoﬁ the estimated error compares with measured error. The.major sources of
error are in the pressure measurement, in instrumental drift and in deter-
mination of line peak.

Instrumental drift was checked by running and rerunning a line. For
example, for the R(1l) line the magnitude of the maximum frequency difference
in three runs was 0.002_cm-'1 which is about 0.4 of the minimum shift observed.

The problems associated with the measurement of line centers and gas im-
purity are related. Evén after all the possible'precautions were taken in
the handling of the DF, a considerable amount of DF, perhaps about 50 per-
cent of it, was converted into HF., This conversion created a two-fold
problem, First, it was not possible to know the exact pressure of DF inside
the cell, and second it required a considerably larger amount of gas inside
the reference cellf If the gas were pure, a trace of DF would be sufficient
to produce a sharply peaked line--~at least near the bénd center., However,
it was found that the converted HF had a strong effect upon the peak heights,
tending sharply to reduce the line peak. It was this effect that prevented
us from studying the lines beyond P(7) and R(6) and, moreover, led to a
larger amounf of DF being required to obtain measurable intensities of the
lines near the band center, At the low pressures of DF a line in the wing

is very weakly absorbing. Amplification of the signal only increased the



noise 1eve1; making it difficult to find the line peak precisely. The
same line at a high pressure of DF is quite flat, The conversion of

DF to HE also prevented us from reporting on the line shifts of HF per-
trhbed by DF. First, because it was not possible to take a trace of HF
and large amounts of DF, and second, because flattening of line peaks
also occurred. Along this line it is interesting to note.that the most
scatters in the points are found for the lines further away from the band
cénter. Those lines were weakly absofbing and hence the peaks were not
sharply defined., 1In these cases a larger error in determining line peak
was rather natural, The mean error estimated by adding the errors due to
drift and pressure measurements is about + .9 cm’llcm Hg x 1074, The mean
scatter found is + .7 cm'llcm Hg x 10'4. In all the cases the magnitude

of scatter was considerably less than the shift observed.

CONCLUSIONS
A qualitative approach to the origin of the line shifting in this

molecular system is given by the thoery of the near-resonant dipolar inter-
action, Jaffe, et al.1 have given the expressiop for the energy change due
to the dipolar interaction as derived from second order perturbation theory,
When the molecular parameters for HF and DF are substituted into this ex-
pression, the calculated eﬁergy sﬁifts are such as to lead to large oséil-
lating line shifts. However, just as in fhe DC1-HC1 case, the predicted
shifts are exactly opposite to those observed, The shifts not only oscil-
late but increase in magnitude toward the red in the R-branch and the

blue in the P-branch,
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Table I

tbserved line shifts per unit pressure in HF

Line Shift per

L1 Unit Pressure®
ne Av -1
_____ | agx107Tem/cm Bg

R(0) + 3.9
R(1) + .91
R(2) + .53
R(3) - 3.24
R(4) - 3,44
R(5) - 3.99
R(6) - 3.54
R(7) - 2,66
P(L) - 2.86
P(2) + 1.79
P(3) + .91
P(5) - .36
P(6) + 1.47
P(7) + 1.15

*Averages of measurements at pressures of
37.5 cm Hg, 76 cm Hg, and 113.5 cm Hg
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Figure Captions

°Figure 1. Line Shifts per unit pressure in the 1-0 band of HF,

0 - Herget et al, 0 - Desai et al, revised curve using
the results of both studies.

Figure 2. Measuréd Line shifts for thé R-branch lines.
Figure 3. Measured line shifts for the P-branch lines,

Figure 4. A comparison of the pressure-induced shifts of lines

in the 2-0 bands of DF-HF and DC1l-HCl, -—~—— DF-HF, DC1-HC1,
————— these lines as they appear in Jaffe et al.1 The arrow < in-
dicates the value measured by Jaffe et al4 for the shift of R(6)

in the 2-0 band of HF-Xe. |
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